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Abstract: This study investigated the developmental toxicity of zinc chloride (ZnCl2) in zebrafish embryos (Brachydanio rerio,
Cyprinidae, Cypriniformes). Zebrafish embryos were exposed to 5 different concentrations of ZnCl2, from the blastula stage, for 15
days under static renewal test conditions. As a result, the corresponding median lethal concentration (LC50) value determined for ZnCl2
exposure was 1.36 mg/L (0.65 mg/L as a lone Zn2+ ion). At 1.0 mg/L ZnCl2, the exposed group’s hatching began at 7 days instead of at
4 days, and most of the embryos died in the chorion without hatching at 11 and 12 days. Developmental deformities such as abnormal
embryogenesis, low hatchability, delayed hatching, and reduction of newly hatched larvae, and a poor survival ratio (mortality ratio of
1.5 and 10 mg/L concentrations compared to control, P < 0.001), were observed during the embryo larval stage due to zinc exposure.
Based on these results, we observed that critical and teratogenic effects of ZnCl2 on embryonic development of zebrafish occurred at
concentrations greater than 0.5 mg/L. Moreover, our results confirm that the zebrafish embryo teratogenesis assay can be a useful pretest
for integrated biological hazard assessment of chemical agents used in industrial production and drug development technologies.
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1. Introduction
The introduction of chemicals into the environment
by human activities can represent a serious risk to
environmental and human health (1). The Chemical
Abstract Service database at present includes more than
33 million organic and inorganic substances and over 59
million sequences. This database is updated daily and, on
average, approximately 4000 new substances are added
each day (2).
In addition, after the teratogenic effects of thalidomide
were recognized in 1966, the US Food and Drug
Administration established protocols to be used for
assessing drug effects on reproduction and development
before approval for human use (2,3).
In light of this, in the 1980s toxicologists began
searching for alternative methods to test chemicals,
because under then-current guidelines such testing would
have required millions of laboratory animals (3). For this
purpose, different models have been used for embryos of
Hydra, Daphnia, Planaria (4), Xenopus (5), frog (6), some
embryos of teleosts (7,8), and zebrafish (Brachydanio
rerio) (9–13). The growing demand for increasingly
sophisticated information on the toxic hazards of potential
* Correspondence: aypbog@cu.edu.tr
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water pollutants has focused attention on the need for a
suitable standard animal model that could be accepted
internationally.
The US Environmental Protection Agency
designated zebrafish as the sole animal model for
assessing environmental contaminants, and it selected
developmental toxicity as an initial screen. The zebrafish
embryo teratogenesis assay (ZETAX) test assesses several
morphological and functional endpoints, which are similar
to those used in conventional mammalian reproductive
toxicity studies (2).
A standardized protocol was generated using an
integrated assay design from consortium members and a
scoring procedure published by Panzica-Kelly et al. (14).
Teratogenic classification was conducted using the 25%
lethality/no observable adverse effect concentration (LC25/
NOAEC) ratio (also referred to as the teratogenic index),
where a value of ≥10 classified the compound as positive
for teratogenic potential. A compound was considered
correctly classified if the teratogenic index identified
the compound’s teratogenic liability (nonteratogenic or
teratogenic) in accordance with what has been reported in
test animals (15).
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Zebrafish have been used predominantly in
developmental biology, developmental toxicology,
teratology, molecular genetics, and neurotoxicology
studies, but their value in toxicology as well as drug
discovery has also been recognized. To evaluate the toxicity
of a chemical, it is essential to identify the endpoints
of toxicity and their dose–response relationships,
elucidate the mechanisms of toxicity, and determine the
toxicodynamics of the chemical (11,12,16–22). Nagel
performed embryo tests with the zebrafish Danio rerio
(DarT) as a general model. Based on the results, DarT
could be a screening test within preclinical studies (23).
In the past, little attention was paid to zinc’s role
in human nutrition and health (24). One of the heavy
metals, zinc in minute quantities is considered to have
various functions in biological development, such as
roles in cell structure, enzyme activities, and the protein
and carbohydrate metabolism of fish. Physiological and
biochemical alterations due to zinc exposure, such as
chorion structure and permeability changes and inhibition
of enzyme activities in organs, have been reported in the
early life stage (ELS) of fish. A number of studies also
indicate that zinc toxicity to fish varies with developmental
stage, and it is generally believed that embryos are less
sensitive to zinc exposure than larvae because of the
protection of the chorions. In addition, zinc toxicity to
the ELS of fish can be easily affected by water qualities
such as temperature, dissolved oxygen, dissolved oxygen
concentration, hardness, pH, salinity, osmoregulation,
and water permeability (25,26). The effects of zinc have
been noted not only in aquatic plants and free-floating
plants, but also in macroalgae, such as the seaweed Fucus
vesiculosus (L.), whereby the metal (Zn) uptake capacity of
organisms decreases with an increase in the level of salinity
(27). All of these studies have provided basic information
for understanding the mechanisms governing zinc toxicity
to fish (25).
This study was planned to investigate the effect of
ZnCl2 on the embryonic development of zebrafish and
to determine if it could be a model for investigation of
teratogenic potential of environmental pollutants.
2. Materials and methods
2.1. Maintaining zebrafish and selection of the fish eggs
Parental zebrafish were obtained from the Fisheries
Department of the Faculty of Agriculture, Çukurova
University (Adana, Turkey). Glass aquariums (24 × 28 × 40
cm) were used for housing and spawning. Before testing,
these aquariums were filled with dechlorinated tap water
and aerated. The temperature of the aquariums was kept
at 26 ± 1 °C under a light:dark cycle of 13:11 h, and the
fish were fed generally with wheat and fresh food. Male

and female fish were kept apart and placed into the mating
aquarium a week before the probable egg collecting day.
After a week, a single female and 4–5 males were placed
into the same aquarium, with a mesh cage (2 mm) to
protect the eggs from being eaten.
The following morning, when the light was turned
on, oviposition was triggered, and after a while the eggs
were carefully removed from the aquarium. The eggs were
washed 3 times with dechlorinated tap water. They were
then transferred into petri dishes filled with Holtfreter’s
solution. For all studies, minimum sample size was set at
30 viable eggs. The eggs from the same females were used
for control and experimental groups.
2.2. Preparing Holtfreter’s solution and chemical
solutions
To ensure standard properties, amphibian Holtfreter’s
solution was used in this study. The European Inland
Fishery Advisory Commission sets a tentative criterion at
a hardness of 100 mg/L (21). The hardness of Holtfreter’s
solution is 100 mg/CaCO3. Hardness was analyzed using
the EDTA titrimetric procedure (28). The stock solution
(1 g/L ZnCl2 [Merck]) was prepared with Holtfreter’s
solution and analyzed using an atomic absorption
spectrophotometer.
2.3. Exposure procedures with ZETAX
All tests were done under static conditions without aeration.
In order to determine the range of zinc chloride for use in the
definitive test, threshold tests were performed. In the rangedetermining test, the following zinc chloride concentrations
were used: 200, 160, 80, 40, 20, 10, 5, 1, and 0.5 mg/L. In
the definitive test, 5 different concentrations were used,
ranging from the upper to lower limits determined by the
threshold test. Embryos were exposed with ZnCl2 solutions
at blastula stage in glass petri dishes (8–10 cm diameter)
for 15 days. On day 8 of the test, larvae were fed with egg
yolk. Holtfreter’s solution was used for control. All solutions
were replaced every day during the 15-day test with daily
prepared zinc chloride solution.
2.4. Observation and collection of data
The number of malformations, viability, motility,
hatchability, pigmentation, and developmental stages were
determined using a dissection microscope during the 15
days of testing with 4.5 × 10 magnification. Embryos were
photographed with a light microscope-attached camera
(Olympus B12 with 2.5 × 4 magnification).
2.5. Analytical methods
Probit analysis was used to determine the 96-h median
lethal (LC50) concentrations by utilizing statistical
software (SPSS 14.0). Comparison of mortality ratios
between experimental and control groups in the different
concentrations was performed with chi-square testing.
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3. Results
3.1. The range-determining experiment
The threshold tests were performed for different
concentrations from high to low at 200, 160, 80, 40, 20, 10,
5, 1, 0.5, and 0.1 mg/L ZnCl2. At the higher concentrations,
it was observed that after viscous liquid extraction from
blastomeres (Figure 1), the blastomeres were released onto
the blastoderm (Figure 2); following that, the structure
of the yolk sac was deformed and all embryos were dead
before reaching gastrula stage. At the low concentrations,

Viscous liquid

Figure 1. Viscous liquid extracted through the blastomere in
zebrafish embryos at the blastula stage with exposure to high
ZnCl2 concentrations (3.5 × 10, yellow filter phase contrast
microscope).

Blastomere
leaving
blastoderm

Figure 2. Blastomeres beginning to leave the blastoderm in
zebrafish embryos at the blastula stage with exposure to high
ZnCl2 (200 mg/L) concentrations (3.5 × 10, yellow filter phase
contrast microscope).

160

the amount of liquid extraction from the blastomere was
decreased; during the following hours this liquid formed
a dense structure changing into opaque particles, and
gastrulation was completed.
The following anomalies were observed in dead
embryo and larvae: trunk and tail defects, and edema.
Edema was also observed before hatching, and the chorion
was torn due to edema. In addition, there were swimming
anomalies in the larvae that showed anomalies (Figure 3).
3.2. The results of the main test
Dose–response data obtained from the 15-day test, in which
the embryos of zebrafish at blastula stages were exposed
to 5 different zinc chloride concentrations, are shown
in Table 1. When comparing the mortality percentage
obtained with concentrations of 0.1 and 0.5 mg/L ZnCl2,
there were no significant differences between control and
experimental groups (P > 0.05), while differences between
both groups were significant at the concentration of 1 mg/L
ZnCl2 (P < 0.01). It was also found that when comparing
the final mortality percentage at 1 mg/L with 5.0 mg/L and
5.0 with 10 mg/L ZnCl2 concentrations, the differences
were significant (P < 0.01 and P < 0.001, respectively).
When investigating mortality and anomaly percentages
of the final concentration of 1.0 mg/L ZnCl2, significant
differences were found, at 60% and 43.3%, respectively.
These differences could be attributed to deaths of
embryos and larvae that showed no anomalies under the
microscope.
The observed anomalies were edema and tail defects;
some embryos and larvae had both types of anomalies,
while some embryos showed only one type of anomaly.
Embryos with slight hemorrhaging were rarely observed;
hemorrhaging was observed in high concentrations.
Embryos with edema generally showed a static state in
vascular circulation and weak heartbeats (Figure 3).
In Table 2, values of the lethal concentration leading
to 50% mortality (LD50), calculated by probit analysis with
95% probability level, are given. The LD50 value of ZnCl2
was 1.36 mg/L (0.65 mg/L as a lone Zn2+ ion).
In Table 3, it is shown that ZnCl2 had an effect on
hatching from the chorion when observing the number of
hatching embryos from the control group as influenced by
days. All embryos in the control group completed hatching
from the chorion by day 6, while the hatching of embryos
treated with zinc chloride at a concentration of 1 mg/L was
delayed until day 12 and the hatching of some embryos
failed. Although anomalies in the tail region and edema
were observed when the embryo was still in the chorion,
anomalies such as kyphosis, lordosis, and scoliosis could
not be observed due to the curling of the embryo in the
chorion. At the 1.0 mg/L zinc chloride concentration,
hatching from the chorion was delayed and sometimes
failed; some embryos were dead in the chorion.
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Figure 3. The anomalies of different ZnCl2 concentrations ranging from 1.0 to 5.0 mg/L: embryos with
vertebra and edema defects (a, b, c, d, f), hemorrhage (c, d), and opaque particles in perivitelline space
(e), and normal zebrafish embryos (g).
Table 1. Dose–response values obtained from 15-day test with embryos of zebrafish exposed to different concentrations of ZnCl2.
ZnCl2 (mg/L)
Control
0.1
0.5
1.0*,**
5.0*,**
10.0*,**

N

Normal % (N)

Mortality % (N)

Anomaly % (N)

Anomaly types

150
150
150
150
150
150

98 (147)
99.3 (148)
96 (144)
50 (75)
10 (15)
-

1.32 (2)
0.66 (1)
2 (3)
30 (45)
80 (120)
100 (150)

0.66 (1)
0.66 (1)
2 (3)
20 (30)
10 (15)
100 (150)

Ed., Ver. def.
Ed., Ver. def.
Ed., Ver. def.
Ed., Ver. def.
Ed., Ver. def.
-

Ed.: edema; Ver. def: vertebra defect; these were seen approximately 100%.
*P < 0.001 for control groups compared to 1.0, 5.0, and 10 mg/L;
**P < 0.01 for 5.0 mg/L compared to 10.0 mg/L.
Table 2. LC50 values for ZnCl2 with 95% confidence limits.
LC50 values

95% confidence limits

1
2
3
4
5

1.275
1.213
1.447
1.639
1.256

0.791–2.076
0.751–1.975
0.894–2.362
1.010–2.679
0.777–2.044

Average

1.363

0.844–2.227

Test no.

*Studies were repeated 5 times. Each study’s LC50 value was determined.
**Between LC50 values no significance differences were found.
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Table 3. The number of embryos hatching from chorion in ZnCl2 concentration of 1.0 mg/L by days.

Test no.

ZnCl2
(mg/L)

Days of hatching
3

4

5

6

7

8

9

10

11

12

13

14

15

Number of hatching embryos
1

2

3

4

5

Control

1

29

28

30

-

-

-

-

3*

-

-

-

-

1.0

-

-

-

-

2

6

9

11

12*

-

-

-

-

Control

-

28

29

30

-

-

-

-

3*

-

-

-

-

1.0

-

1

2

-

5

-

-

6

-

13*

-

-

-

Control

-

28

30

30

-

-

-

-

2*

-

-

-

-

1.0

-

-

-

-

-

2

8

11

14

17*

-

-

-

Control

-

29

30

28

-

-

-

-

2

-

-

-

-

1.0

-

-

-

3

-

4

-

11

14

18*

-

-

-

Control

1

29

30

28

-

-

-

-

3*

-

-

-

-

1.0

-

-

-

4

11

13

-

16*

-

-

-

-

-

*: These embryo numbers showed no hatching from the chorion. Ninety embryos were used for each repeat.

4. Discussion
The aim of the study was to use ZnCl2 as a toxic agent to
produce abnormalities in the embryonic development of
zebrafish. In this study, zebrafish embryos were used at
blastula stage for 15 days. At the end of the study, anomaly
types, % anomalies, % mortality, and LC50 values were
determined.
The toxicity of zinc to the embryo–larval period of fish
has not been widely studied. Nevertheless, a number of
studies have indicated that zinc toxicity to fish survival at
the ELS is species-specific and varies with developmental
stages (25).
Developmental deformities such as abnormal
embryogenesis, low hatchability, delayed hatching,
mortality of newly hatched larvae, and poor survival ratio
during the embryo–larval stage due to zinc exposure have
been observed in many studies on fish (25).
According to the main test results, concentrations of
0.5 mg/L ZnCl2 and higher caused some anomalies such
as edema, vertebra defects, vascular stasis, and slight
hemorrhaging (Figure 3) (8). Some embryos showed
all anomalies while some only showed 1 or 2 anomalies.
These types of anomalies were reported in other studies
using zinc chloride on different fish species (21,22,29).
The probable reason for mortality in embryos and larvae
showing anomalies (at least during the studied 15 days)
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is the defects themselves or the loss of swimming ability.
It was reported in an earlier study that olfactory deficits
occurred in zebrafish exposed to an environmental agent
(6). In this study, larvae could not feed due to olfactory
deficits. Even the larvae with excessive edema or severe
vertebral defects continued to survive until their yolk sacs
were depleted. The heart beat levels of embryos and larvae
with inhibited hatching increased until days 13–15, when
the yolk sac was exhausted. Normally zebrafish embryos
hatch on the fourth day, but as seen in Table 3, for the
embryos exposed to 1.0 mg/L ZnCl2, hatching began at 7
days and most of the embryos died in the chorion without
hatching by days 11 and 12.
Excessive zinc in the aquatic environments may
induce toxic effects on the biological processes of fish,
especially developmental deformities such as abnormal
embryogenesis, low hatchability, delayed or promoted
time-to-hatch, reduced size of newly hatched larvae,
and poor survival and growth performance during the
embryonic–larval stage. These effects of zinc exposure
have been observed in many fish.
The anomalies observed in the main test can be
attributed to inhibition of DNA synthesis causing
inhibition of protein and enzyme synthesis as a result of
excessive levels of zinc chloride. Zinc deficiency is clearly
teratogenic in mammals, while an excessive amount of

KÜÇÜKOĞLU et al. / Turk J Biol

zinc chloride is less teratogenic. This is due to protective
mechanisms of the maternal liver and metalloenzymes.
There is no such protective mechanism in oviparous
aquatic organisms, and so it is quite natural that aquatic
organisms are very sensitive to excessive amount of zinc
chloride and that their development is abnormal (23).
It is proposed that one of the possible mechanisms
causing vertebra defects is defective development of the
skeleton during early vertebral development caused by the
inhibition in collagen synthesis (2).
Edema is usually accompanied by circulatory
irregularities such as vascular stasis. In this study, the
vascular stasis observed in embryos with edema and low
heart rhythm could cause edema (30).
From this study alone, it is difficult to clarify the
mechanism of abnormality. In order to do this, further studies
will be required concerning the effects of zinc chloride on the
liver, kidneys, and cardiovascular systems of fish.
In our study, the average LD50 value of ZnCl2 was 1.36
mg/L (0.65 mg/L as a lone Zn2+ anion). This value for trout
embryos in early static renewal systems was 1.12 mg/L (7).
In 8-day tests with fathead minnow, the LD50 value for
Zn2+ was 0.04 mg/L (7), and in 6-day tests for the same
fish, the LD50 value for Zn2+ was 3.6 mg/L. In 4-day tests
with frog embryos, the LD50 value was 34.5 mg/L (19).
In a study investigating zinc toxicity to red sea bream
(Pagrus major) embryos and larvae at 18 ± 1 °C under
laboratory conditions, it was shown that zinc exposure at
concentrations of ≥0.5 mg/L would lead to a low hatching
rate, high mortality, and morphological abnormalities
(25). This result supported our results that teratological
effects began from 0.5 mg/L in zebrafish embryos.
In another study, the resistance to zinc sulfate of the
zebrafish (Brachydanio rerio Hamilton-Buchanan) at
different phases of its life history was evaluated. At the

end of the study, the threshold concentration of zinc was
approximately 10 ppm for adults and 1.3 ppm for 40-dayold fish (24).
The mechanism of zinc teratogenicity is presently
unknown, although the inhibition of DNA synthesis by
excess zinc is the most likely explanation. A slight increase
in zinc concentration can stimulate DNA synthesis, while
a large deficiency or excess leads to an inhibition of DNA
synthesis. DNA synthesis inhibitors have proven to be
teratogenic in a variety of animals regardless of their
mode of action. Zinc deficiency is clearly teratogenic in
mammals, while Zn2+ excess seems to be less teratogenic.
This may be due to action of the maternal liver and
placental metallothioneins. Oviparous aquatic organisms
would not receive such protection and would likely
be more sensitive to large excesses of zinc, resulting in
abnormal development (23).
The opaque particles observed in the perivitelline space
with high (200 mg/L) zinc chloride concentrations during
the threshold tests were reported in earlier studies (21).
In our study, before the opaque particles were observed,
viscous liquid was extracted through the blastomeres
(Figure 1), and then blastomeres were released onto the
blastoderm (Figure 2). Under a phase contrast microscope
it was seen that after the liquid extraction, there was no
change in the structure and sizes of blastomeres, suggesting
that this viscous liquid could be extracellular matrix
(ECM). ECM remodeling is critical for organogenesis, yet
its molecular regulation is poorly understood (22).
In conclusion, our results showed that test conditions
such as test duration and types of organisms affected the
LD50 value. In addition, this model was chosen because
it is the most commonly used model and would appear
to have the greatest potential for future applications in
developmental toxicity screening and testing (3).
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